PROGRAMMABLE CONTROLLER 



3ACKGRQUNP OF THE INVENTION 
The present invention relates to a programmable 
controller which performs high - speed pulse output to control 
a controlled apparatus for positioning control according to a 
user program. 

Fig. 3 is a diagram showing the structure of a 
conventional programmable controller . 

In Fig. 3, the reference numeral 1 denotes a central 
processing unit (which will be hereinafter referred to as a 
"CPU") for controlling each section of the programmable 
controller, and the reference numeral 2 denotes a pulse 
generating section for generating a pulse string in a cycle set 
by the CPU 1 . 

Figs. 4A and 4B are flowcharts showing the operation of 
the conventional programmable controller . Fig. 4A shows amain 
processing and Fig. 4B shows an interruption processing. 

In the main processing shown in Fig. 4A, first of all, 
the CPU 1 sets an output pulse cycle of the pulse generating 
section 2 at Step SI and sets a residual pulse number indicative 
of an output pulse number at Step S2 . Then, an interrupt enable 
state for enabling interruption is set at Step S3 and pulse 
output is started at Step S4. At Step S5, pulse output for the 
residual pulse number is carried out. When the pulse output 



is completed, an interrupt disable state is set at Step S6. Thus, 
the main processing is ended. 

Every time one pulse is output at the Step S5, the 
interruption processing shown in Fig. 4B is executed. At Step 
Sll, one is subtracted from the residual pulse number. When 
the residual pulse number reaches zero, a processing of stopping 
the pulse output is carried out at Step S13. Thus, the 
interruption processing is ended. If the residual pulse number 
is not zero at the Step S12, the interruption processing is ended 
and the control is returned to the main processing. By the main 
processing, the pulse output at the Step S5 is executed 
successively . 

The conventional programmable controller comprises a CPU 

1 for controlling each section and a pulse generating section 

2 for generating a pulse string having a cycle set by the CPU 
1 as shown in Fig. 3, and is controlled by control means for 
executing an interruption processing for each pulse output as 
shown in Figs. 4A and 4B. The control means sequentially 
subtracts one from the residual pulse number for each output 
pulse, and executes the processing of stopping the pulse when 
the residual pulse number reaches zero. 

In the conventional art, the CPU 1 should execute an 
interruption processing for each pulse output. For example, 
in case where a pulse of 200 KHz is output, an interruption cycle 
is 5//s. Therefore, it is necessary to use a high - speed CPU 



applicable to the interruption processing having a cycle of 5 
\i s. However, the CPU applicable to such a high - speed 

processing using a general one - chip microcomputer is expensive . 

As a result, the cost of a product is increased. 

SUMMARY OF THE INVENTION 
The invention has been made to solve such a problem and 
has an object to obtain a programmable controller which is 
inexpensive and can carry out high - speed pulse output. 

A programmable controller according to the invention 
comprises a pulse generating section for outputting a pulse 
string having a set cycle, a pulse dividing section for dividing 
the pulse string output from the pulse generating section at 
a predetermined dividing ratio and for outputting an 
interruption request signal having a cycle which is n times (n 
is a positive integer) as great as the cycle of the pulse string, 
and a central processing unit for executing an interruption 
processing in response to the interruption request signal 
output from the pulse dividing section, thereby controlling the 
output of the pulse generating section. 

Moreover, the central processing unit sets a dividing 
ratio to be used for division of the pulse dividing section, 
controls the number of pulses output from the pulse generating 
section and sets the dividing ratio to be equal to the number 
of pulses which have not been output when the number of the pulses 



which have not been output is smaller than 2n. 

Furthermore, the central processing unit changes the 
dividing ratio to be used for the division of the pulse dividing 
section depending on the cycle of the pulse string output from 
the pulse generating section. 

BRIEF DESCRIPTION OF THE DRAWTNftS 

Fig. 1 is a diagram showing the structure of a 
programmable controller according to first and second 
embodiments of the invention; 

Figs. 2A and 2B are flowcharts showing the operation of 
the programmable controller according to the first and second 
embodiments of the invention; 

Fig. 3 is a diagram showing the structure of a 
conventional programmable controller; and 

Figs. 4A and 4B are flowcharts showing the operation of 
the conventional programmable controller. 

PETAI LEP DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

Fig. 1 is a diagram showing the structure of a 
programmable controller according to a first embodiment of the 
invention . 

In Fig. 1, the reference numeral 1 denotes a CPU for 
controlling each section in the programmable controller, the 



reference numeral 2 denotes a pulse generating section for 
generating a pulse string having a cycle set by the CPU 1, and 
the reference numeral 3 denotes a pulse dividing section for 
outputting, as an interruption request to the CPU 1, a signal 
obtained by dividing a pulse output from the pulse generating 
section 2 at a dividing ratio set by the CPU 1. The components 
1 to 3 constitute the programmable controller. In the first 
embodiment, the CPU 1 controls an output pulse by control means 
for executing an interruption processing for each n - time pulse 
output . 

Figs. 2A and 2B are flowcharts showing the operation of 
the programmable controller according to the first embodiment 
of the invention. Fig. 2A shows a main processing and Fig. 2B 
shows an interruption processing. 

In the main processing shown in Fig. 2A, Steps SI and S2 
are executed in the same manner as those in Fig. 4A. Then, a 
pulse dividing ratio n (n is a positive integer) of the pulse 
dividing section 3 is set at Step S21. Subsequently, 
processings are executed at Steps S3 to S6 in the same manner 
as those in Fig. 4A. 

In the interruption processing shown in Fig. 2B, n is 
subtracted from a residual pulse number at Step S22. Then, if 
the residual pulse number < 2n is satisfied at Step S23, the 
CPU 1 sets the pulse dividing ratio n to be equal to the residual 
pulse number at Step S24. Thereafter, the routine proceeds to 



Step S12. If the residual pulse number < 2n is not satisfied 
at the Step S23, the routine proceeds to the Step S12. At the 
Steps S12 and S13, the same processings as those in Fig. 4B are 
executed. 

In the first embodiment, the dividing ratio n is set to 
the pulse dividing section 3 by the CPU 1. Consequently, the 
cycle of the interruption processing is set to be n times as 
great as that of a pulse output from the pulse generating section 
2. Therefore, the interruption processing can be executed by 
a CPU having a throughput of 1 / n as compared with the 
conventional art. For example, in case where a dividing ratio 
of n = 100 is set, an interruption cycle of 5/iS X 100 = 500 
li S is obtained for outputting a pulse of 200 KHz . Thus, it 
is possible to obtain an interruption cycle to which an 
inexpensive one - chip microcomputer is fully applicable. 

When the interruption processing is executed in a cycle 
which is n times as great as the cycle of the output pulse, the 
residual pulse number in the interruption processing can be 
checked only for each n - pulse. Consequently, it is possible 
to output only a pulse having a number which is integer times 
as great as n. In the first embodiment, a countermeasure is 
taken. More specifically, when the residual pulse number is 
smaller than 2n, the CPU 1 causes the pulse dividing section 
3 to set a dividing ratio which is equal to the residual pulse 
number in the interruption processing shown in the Steps S23 



and S24 of Fig. 2B. Consequently, when the next interruption 
is carried out, the residual pulse number reaches zero and the 
pulse output can be stopped with an optional pulse number. 

While the pulse output is carried out n times for each 
interruption cycle after the pulse output is started and the 
pulse output is carried out in a final interruption cycle 
fraction times which are equal to or greater than n and smaller 
than 2n in the first embodiment, calculation is previously 
executed prior to the start of the pulse output so that the pulse 
can be output fraction times in an initial interruption cycle 
and n times which are equal to or greater than two until the 
final interruption cycle. 
(Second Embodiment) 

In a second embodiment, the same structure as that 
illustrated in Fig. 1 is employed, and the same operation as 
that shown in the flowcharts of Figs. 2A and 2B is carried out. 

A difference between the first and second embodiments 
will be described below. 

In the first embodiment, the dividing ratio n has a 
predetermined value. If the frequency of an output pulse is 
increased, an interruption cycle for the CPU 1 is shortened in 
proportion thereto. In this case, a load on the CPU 1 is 
increased. Consequently, if the cycle of a pulse to be output 
is increased, the responsivity of processings other than the 
pulse output of the programmable controller is deteriorated. 



In the second embodiment, a countermeasure is taken. More 
specifically, the dividing ratio n is varied corresponding to 
the cycle of an output pullse. Consequently, even if the cycle 
of the output pulse is varied, a constant interruption cycle 
for the CPU 1 is maintained. 

In the second embodiment, the constant interruption cycle 
for the CPU 1 is maintained irrespective of a change in an output 
frequency. Therefore, even if the output pulse cycle is 
increased, the responsitivity of the processings other than the 
pulse output is not deteriorated. 

Since the invention has the above-mentioned structure, 
the following effects can be obtained. 

The programmable controller according to the invention 
comprises a pulse generating section for outputting a pulse 
string having a set cycle, a pulse dividing section for dividing 
the pulse string output from the pulse generating section at 
a predetermined dividing ratio and for outputting an 
interruption request signal having a cycle which is n times (n 
is a positive integer) as great as the cycle of the pulse string, 
and a central processing unit for executing an interruption 
processing in response to the interruption request signal 
output from the pulse dividing section, thereby controlling the 
output of the pulse generating section. Consequently, the 
cycle of the interruption processing can be increased, and the 
central processing unit having a low throughput is applicable 



t I 



10 



* 



to the interruption processing. 

Moreover, the central processing unit sets a dividing 
ratio to be used for division of the pulse dividing section, 
controls the number of pulses output from the pulse generating 
section and sets the dividing ratio to be equal to the number 
of pulses which have not been output when the number of the pulses 
which have not been output is smaller than 2n. Therefore, a 
pulse which has not been output can be output in the final 
interruption processing. 

Furthermore, the central processing unit changes the 
If] dividing ratio to be used for the division of the pulse dividing 
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I* section depending on the cycle of the pulse string output from 
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g the pulse generating section. Consequently, an interruption 

processing having a cycle suitable for the central processing 



q 15 unit can be executed irrespective of the cycle of a pulse to 
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be output . 
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